Taylor & Francis
Taylor & Francis Group

REVIEW Expert Review of Vaccines

0F VALCIHES

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ierv20

Safety profile of self-amplifying mRNA SARS-CoV-2
vaccine ARCT-154 in adults: a pooled phase 1/2/3
randomized clinical Study

Nhan Thi Ho, Igor Smolenov, Ly Thi Le Tran, Van Thu Nguyen, Van Thanh

Ta, Thuong Vu Nguyen, Hung Ngoc Pham, Anh Thi Van Pham, Quang Chan
Luong, Men Van Chu, Mai Thi Ngoc Dang, Toan Trong Nguyen, Vy Thi Tuong
Le, Quang Vinh Trinh, Thang Van Nguyen, Anh Ngoc Nguyen, Ha Thai Pham,
Giang Duc Dao, Carmen Baccarini, Ekpeno Nnah, Alia Hawkes, Suezanne
Parker, Carole Verhoeven, Judd L Walson & Xuan-Hung Nguyen

To cite this article: Nhan Thi Ho, Igor Smolenoyv, Ly Thi Le Tran, Van Thu Nguyen, Van Thanh
Ta, Thuong Vu Nguyen, Hung Ngoc Pham, Anh Thi Van Pham, Quang Chan Luong, Men Van
Chu, Mai Thi Ngoc Dang, Toan Trong Nguyen, Vy Thi Tuong Le, Quang Vinh Trinh, Thang

Van Nguyen, Anh Ngoc Nguyen, Ha Thai Pham, Giang Duc Dao, Carmen Baccarini, Ekpeno
Nnah, Alia Hawkes, Suezanne Parker, Carole Verhoeven, Judd L Walson & Xuan-Hung Nguyen
(07 Apr 2025): Safety profile of self-amplifying mRNA SARS-CoV-2 vaccine ARCT-154 in

adults: a pooled phase 1/2/3 randomized clinical study, Expert Review of Vaccines, DOI:
10.1080/14760584.2025.2487542

To link to this article: https://doi.org/10.1080/14760584.2025.2487542

A
© 2025 Arcturus Therapeutics. Published h View Supp|ementary material =
by Informa UK Limited, trading as Taylor &

Francis Group.

N
ﬁ Accepted author version posted online: 07 C;/ Submit your article to this journal &'
Apr 2025.

A
||I| Article views: 240 & View related articles &'

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierv20


https://www.tandfonline.com/journals/ierv20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14760584.2025.2487542
https://doi.org/10.1080/14760584.2025.2487542
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2025.2487542
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2025.2487542
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2025.2487542?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2025.2487542?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2025.2487542&domain=pdf&date_stamp=07%20Apr%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2025.2487542&domain=pdf&date_stamp=07%20Apr%202025
https://www.tandfonline.com/action/journalInformation?journalCode=ierv20

W) Check for updates

Publisher: Taylor & Francis & Informa UK Limited, trading as Taylor & Francis Group
Journal: Expert Review of Vaccines

DOI: 10.1080/14760584.2025.2487542
Safety profile of self-amplifying mRNA SARS-CoV-2 vaccine ARCT-154 in adults: a
pooled Phase 1/2/3 randomized clinical study

Nhan Thi Ho", Igor Smolenov®™, Ly Thi Le Tran®, Van Thu Nguyen®, Van Thanh Ta,®
Thuong Vu Nguyen,f Hung Ngoc Pham®, Anh Thi Van Pham,” Quang Chan Luong,f Men Van
Chu®, Mai Thi Ngoc Dang®, Toan Trong Nguyen', Vy Thi Tuong Le', Quang Vinh Trinh®,
Thang Van Nguyen®, Anh Ngoc Nguyen,® Ha Thai Pham,® Giang Duc Dao", Carmen
Baccarinib, Ekpeno Nnahb, Alia Hawkesb, Suezanne Parkerb, Carole Verhoevenb, Judd L

Walson', Xuan-Hung Nguyend’j*

a: Research Management Department, Vinmec Healthcare System, Hanoi, Vietnam
b: Arcturus Therapeutics, Inc., San Diego, CA, USA

c: Vietnam Biocare Biotechnology Jointstock Company, Hanoi, Vietnam

d: Hi-tech Center, Vinmec Healthcare System, Hanoi, Vietnam

e: Hanoi Medical University, Hanoi, Vietnam

f: Pasteur Institute, Ho Chi Minh City, Vietnam

g: Vietnam Military Medical University, Hanoi, Vietnam

h: VietStar Biomedical Research, Hanoi, Vietnam

i: Walson Consulting, Seattle, WA, USA

j: Vinmec-VinUni Institute of Immunology, Vin University, Hanoi, Vietnam

# Joint first authors

* Corresponding author: Xuan-Hung Nguyen

Hi-tech Center and Vinmec-VinUni Institute of Immunology, Vinmec Healthcare System,

Hanoi, Vietnam.

Email: v.hungnx1@vinmec.com


https://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2025.2487542&domain=pdf

Abstract

Background: Public health concerns due to ongoing emergence of SARS-CoV-2 variants
necessitates further development of improved COVID-19 vaccines. One major innovation are
self-amplifying mRNA vaccines such as ARCT-154 (Arcturus Therapeutics Inc.) which
induces superior immunogenicity compared with conventional mRNA in terms of magnitude,

breadth and persistence of neutralizing antibodies.

Research design and methods: In a pivotal placebo-controlled trial in Vietnam combining
phase 1, 2 and 3 cohorts, over 17,000 adults received at least one dose of ARCT-154. Here we

report the safety and reactogenicity observations made.

Results: ARCT-154 elicited more local reactions than the saline placebo, most reports of
injection site pain were mild/moderate with only a few reporting severe pain. Most frequent
solicited adverse events were fatigue, myalgia, headache, arthralgia and chills. Solicited local
and systemic reactogenicity resolved within 7 days. Long-term follow-up has not revealed any
safety concerns, with no reports of myocarditis or pericarditis. Acceptable tolerability of
ARCT-154 was also observed in older participants and in those liable to severe consequences
of COVID-19 due to underlying medical conditions. No serious consequences occurred in

several pregnancies reported after vaccination, with normal outcomes when followed to term.

Conclusions: Data from this large trial suggest that ARCT-154 is safe and well tolerated.

Clinical Trial Registration: The trial is registered at ClinicalTrials.gov (CT.gov identifier:

NCT05012943).

Keywords: COVID-19 vaccine; reactogenicity; safety; SARS-COV-2; self-amplifying mRNA.



1. Introduction

The global COVID-19 pandemic resulted in the rapid development of a series of vaccines using
a variety of established and new platform technologies, most notably mRNA. Although the
safety of COVID-19 vaccines was comprehensively assessed in large phase 3 studies, the
urgency of the COVID-19 pandemic did not allow a long-term follow-up period before
obtaining the Emergency Use Authorization. However, intensive safety surveillance systems
were implemented in parallel with the vaccination of hundreds of millions of individuals. For
vaccines based on innovative new mRNA technologies, extensive safety surveillance programs
were built to fully address potential safety concerns, including hypersensitivity reactions,
immune-mediated disorders, Bell’s palsy and vaccine-associated enhanced disease (VAED), as
well as to detect and assess safety issues of particular interest with these vaccines, including
myocarditis/pericarditis, and thrombosis associated with thrombocytopenia [1]. Although post-
approval studies have confirmed the association of some of these adverse events with
vaccination, the substantive observation is that most of these events occur with a lower
frequency after vaccination than following COVID-19 infection itself. [2]. Overall COVID-19
mRNA vaccines have been found to be safe, with limited short-term reactogenicity and a very

low frequency of long-term consequences.

One innovative mRNA vaccine is ARCT-154, a self-amplifying mRNA vaccine (sa-mRNA)
developed by Arcturus Therapeutics, Inc. (San Diego, USA). Self-amplifying mRNA mimics a
viral infection, with sustained levels of transcribed target protein that produce self-adjuvanting
innate immune responses, which lead to potent and long-lasting antigen-specific humoral and
cellular immune responses [3]. ARCT-154 was tested during the pandemic and post-pandemic
period in several countries and in collaboration with Meiji Seika Pharma Co., Ltd. (Tokyo,
Japan) ARCT-154 has now been licensed as Kostaive in Japan [4]. Two doses of ARCT-154

were shown to be immunogenic, well tolerated and to induce protection against COVID-19



disease in SARS-CoV-2-naive individuals [5]. Further, ARCT-154 demonstrated higher
efficacy and immunogenicity than the adenovirus-vector vaccine, ChAdOx1-S [6] and in a
separate study a booster dose of ARCT-154 in immunized individuals elicited superior
immunogenicity compared with the standard BNT162b2 mRNA vaccine [7]. This immune
response to a booster dose of ARCT-154 has been shown to have better longevity than that to
BNT162b2 mRNA vaccine, up to 12 months postvaccination [8]. In a pivotal clinical trial in
Vietnam [5] over 17,000 adult volunteers were exposed to at least one dose of ARCT-154
during the primary or switchover vaccinations. This report provides a comprehensive review of
safety and reactogenicity from that study, including long-term outcomes available from the
combined Phase 1, 2, 3a, 3b and 3c cohorts, in which either saline placebo or adenovirus-vector

vaccine were administered as controls.

2. Patients and methods

2.1 Ethical approval

This combined Phase 1/2/3a/3b/3c trial was conducted in Vietnam from August 2021 until
January 2023 [5], comprising a placebo-controlled pooled Phase 1/2/3a/3b cohort and an
active-controlled Phase 3¢ cohort. The study was registered on ClinicalTrial.gov (identifier:
NCT05012943) on August 13, 2021 and conducted at 17 sites following approval of the
protocol by the local institutional review boards and the Vietnam National Ethical Committee
in Biomedical Research and Ministry of Health. Eligible participants were adults aged 18—60
years in the Phase 1 cohort, and 18 years of age or older in the Phase 2 and 3 cohorts. All
enrolled participants provided written informed consent, and the study was performed in
accordance with the ethical principles of Good Clinical Practice, the Declaration of Helsinki
and International Council for Harmonisation (ICH E6R2) together with applicable local

regulatory and bioethics requirements.

2.2 Randomization



At enrolment, participants were randomly assigned to different study groups using an online
interactive response technology (IRT) system. Randomization was 3:1 in the Phase 1, 2 and 3a
cohorts, 1:1 to ARCT-154 and placebo groups in the Phase 3b cohort, and 1:1 to ARCT-154
and ChAdOx1-S groups in the Phase 3c cohort. All participants received two doses of ARCT-
154 or control (ChAdOx1-S or placebo) 28 days apart on Days 1 and 29 (Figure 1). To provide
active vaccine to all participants, switchover vaccinations were performed at Days 92 and 120
in an observer-blind manner in which all recipients of placebo as doses 1 and 2 were assigned
to receive ARCT-154 vaccine as doses 3 and 4, and conversely recipients of ARCT-154 as
doses 1 and 2 were assigned to receive placebo as doses 3 and 4. Participants in the Phase 2 and
3a cohorts were re-randomized to receive either ARCT 154 and placebo or two doses of
placebo as doses 3 and 4, respectively, also in an observer-blind manner. As most participants
received a switchover vaccination at Day 92, a separate safety analysis was performed from
Day 92 to the end of the study. To assess the tolerability and safety of the third dose of ARCT-
154, a separate analysis was performed for Phase 2/3a participants who were re-randomized to
receive a third ARCT-154 dose. Following switchover in the pooled Phase 1/2/3a/3b cohort,
16,396 participants received at least one dose of ARCT-154; in the Phase 3¢ cohort 1186
participants received at least one dose of ARCT-154 and 1180 participants received at least one

dose of ChAdOx1-S [6].
2.3 Vaccines

ARCT-154 consists of sa-mRNA encapsulated in lipid nanoparticles; the RNA codes for four
non-structural proteins of Venezuela equine encephalitis virus (VEEV), which compose a
replicon, and transgene presenting the full-length spike (S) glycoprotein of the SARS-CoV-2
D614G (B.1) variant. The latter sequence is modified to include proline substitutions, resulting
in the S glycoprotein being expressed in the prefusion conformation and the furin cleavage site

being modified to improve stability. ARCT-154 was supplied in vials stored at -20°C or lower,



each vial containing 100 pg active ingredient, which was dissolved in 10 mL sterile saline so

that each 0-5 mL dose contained 5 pg sa-mRNA.

In the Phase 1/2/3a/3b cohort, placebo was sterile saline for injection. In the Phase 3¢ cohort the
comparator vaccine was ChAdOx1-S (AstraZeneca), a chimpanzee adenovirus encoding the
SARS CoV-2 spike glycoprotein prepared according to the manufacturer’s instructions so each
0.5 mL dose contained not less than 2.5x10° infectious units for intramuscular injection. All
vaccines and placebo were prepared and administered by intramuscular injection in the deltoid
by study staff who were unblinded to the randomization code supplied by the study sponsor but

who played no further role in the studies.
2.4 Procedures

All participants had a medical examination on Day 1 and baseline blood samples were collected
before receiving their first study vaccine or comparator administration by injection in the
deltoid of the non-dominant arm. They were then monitored for 30 minutes for any immediate
reactions. For 7 days after the first and second vaccinations participants completed daily diary
cards recording the occurrence and severity of any solicited local reactions or systemic adverse
events according to the definitions shown in Supplementary table 1. Following each study
vaccination (primary vaccinations on Days 1 and 29, and switchover vaccinations on Days 92
and 120 for participants in Phases 1/2/3a/3b) participants were required to report any
unsolicited adverse events. Any serious adverse events (SAE) and medically attended adverse
events (MAAE) were reported during the entire study period. Any adverse events of special
interest (AESI) were identified retrospectively among the reported events using Standardized

MedDRA Queries (SMQ).

The primary safety analysis in the Phase 1/2/3a/3b cohort was limited to Days 1-92 before the

switchover and included solicited adverse events (AE) on Days 1-7 after each vaccination and



unsolicited adverse events on Days 1-28 after each vaccination. Medically attended adverse
events (MAAESs), serious adverse events (SAEs) and adverse events leading to early study
termination were recorded over the 92-day duration. Additional safety monitoring for
unsolicited AEs, MAAESs, SAEs, AESIs, and AEs leading to early termination was performed
from switchover vaccination on Day 92 up to study completion (Day 394). In the Phase 3¢
cohort, no switchover or booster vaccination was done, and participants were followed up for

safety outcomes until Day 394 or the end of study.

All reported unsolicited adverse events were coded according to MedDRA version 24.0 [9], and
an investigator graded them according to severity as mild, moderate or severe as well as for
relationship to the vaccination. Events were also reviewed to assess whether they should be
categorized as an SAE or MAAE and resulted in discontinuation from the study. An SAE was
defined as any event resulting in death, was life-threatening, required hospitalization or
prolongation of a preexisting hospitalization, resulted in a persistent or significant incapacity or
substantial disruption of the participant’s ability to conduct normal life functions, or resulted in
any congenital abnormality or birth defect in a participant’s offspring. MAAEs were events that
required an unscheduled visit to a healthcare provider (including a nurse, nurse practitioner,
physician or physician’s assistant). Any unsolicited AE that led to an unplanned medical visit

was included as both unsolicited AE and MAAE.

2.5 Statistics

Safety assessments were analyzed in the safety analysis set (SAS), comprising all participants
who received at least one dose of the assigned vaccine, and reactogenicity analysis sets (RAS),
consisting of all SAS participants who completed diary cards. The primary safety endpoints
were any solicited local or systemic AEs starting within 7 days after each vaccination by
severity grade and any unsolicited AE starting within 28 days after each vaccination,

summarized by severity and relationship to study vaccine as well as any medically attended



adverse event (MAAE), serious adverse event (SAE), or AE leading to withdrawal or

discontinuation up to the end of the study.

The statistical analysis of safety and reactogenicity data was descriptive, with frequency and
percentage for participants analyzed according to study group. Comparisons between groups

were made using descriptive summaries (counts, percentages).
3. Results
3.1 Study compliance and demographics

The total exposure was 17,582 participants who received at least one dose of ARCT-154 (981
from the Phase 1/2/3a cohort and 15,415 from the Phase 3b cohort, including switchover
vaccinations and 1186 from the Phase 3¢ cohort). There were 17,056 participants from the
pooled Phase 1/2/3a/3b cohort who provided safety data for analysis after the initial
vaccinations, 8807 after receiving at least one ARCT-154 vaccination and 8,249 following at
least one placebo injection (Figure 1). A further 2,366 participants in the Phase 3¢ cohort
provided safety data, 1186 and 1180 after receiving ARCT-154 and ChAdOx1-S, respectively.
The demographics of the different study populations were similar in terms of mean age and age
range, as well as across study groups within each cohort (Table 1). In the Phase 1/2/3a/3b and
Phase 3¢ cohorts approximately one-third of the participants had been selected to represent
young adults (from 18 up to 60 years of age) who were at risk of severe consequences of
COVID-19 due to underlying chronic medical conditions (5469 and 837 participants,
respectively) and approximately 17% were aged 60 years or older (2910 and 652 participants,

respectively).
3.2 Solicited local reactogenicity

Local solicited adverse reactions were reported more often by recipients of ARCT-154 than

placebo in the pooled Phase 1/2/3a/3b cohort (Table 2). These were mainly mild or moderate



injection site pain and tenderness, with relatively few cases of induration/swelling and
erythema (Figure 2). After the first ARCT-154 dose, 46.7% of vaccinees reported a local
reaction, compared with 11.2% of placebo controls. This difference was also observed after the
second dose (33.7% vs. 7.7%), despite a slightly lower rate in both groups. Only one local
reaction was described as severe in a placebo recipient (after the first dose), compared with 67
(0.8%) and 28 (0.3%) after first and second doses of ARCT-154. In the Phase 3c cohort, a
similar pattern was observed, with 39.5% and 24.9% of the ARCT-154 group reporting local
reactions after the first and second doses, compared with 35.4% and 15.9% of the ChAdOxS-1

group (Table 2).

In all groups, the majority of local reactions consisted of mild or moderate injection site pain or
tenderness after first or second doses (Figure 2). Such reports were made at similar rates after
the first or second doses in the pooled Phase 1/2/3a/3b cohort. As illustrated in Figure 3A,
most local reactions in the pooled Phase 1/2/3a/3b cohort occurred within two days of

vaccination and resolved within 2—4 days after either dose.

3.3 Solicited systemic reactogenicity

As with local reactions, most solicited systemic adverse events in the pooled Phase 1/2/3a/3b
cohort were mild or moderate in severity (Figure 4) and occurred within 1-3 days of receipt of
the first or second dose of ARCT-154 (Figure 3B). Rates of most solicited systemic adverse
events were higher in vaccinees than placebo recipients, the most frequent being fatigue,
headache, myalgia, arthralgia, and chills, and unlike local reactions, rates of systemic adverse
events were not markedly lower after the second dose compared with the first dose in either
group. Rates of these systemic adverse events in ARCT-154 recipients resolved within the 7-

day follow-up period to similar levels as those observed in the placebo group (Figure 3B).



In the later Phase 3¢ cohort, rates of solicited systemic AEs were similar in groups of ARCT-
154 and ChAdOx1-S vaccinees after the first vaccination and slightly lower than those
observed in the pooled Phase 1/2/3a/3b cohort (Figure 4). Overall rates in the Phase 3¢ cohort
also declined after the second dose, more notably in the ChAdOx1-S group. For both doses,

AEs were mainly composed of mild to moderate headache, fatigue, and myalgia.

We also observed the reactogenicity and safety profile of the third dose of ARCT-154,
administered as an early booster on Day 92, compared with switchover vaccination with
ARCT-154 in placebo recipients and placebo in ARCT-154 recipients (Table 5). The
frequencies of solicited and unsolicited AEs following the third ARCT-154 dose and following
the switchover vaccination with ARCT-154 or placebo were within the same range. The
majority of reported reactogenicity events following the booster dose administration comprised
mild to moderate local and systemic solicited adverse events (Table 5). Frequencies of adverse
events were generally comparable in ARCT-154 and placebo recipients in these groups.
Reported SAEs, MAAEs and AEs leading to premature discontinuation were as rare in these
cohorts as the primary vaccination cohorts (0-0.2%) and were not considered to be related to

study interventions (except for one case after a placebo injection).
3.4 Unsolicited adverse events

In all study cohorts, participants reported all unsolicited adverse events which occurred within
28 days after each study vaccination. In the pooled Phase 1/2/3a/3b cohort the frequencies of
unsolicited adverse events following a first administration of placebo (14.4%) or ARCT-154
(15.0%) were similar. When compared with the licensed COVID-19 vaccine in the Phase 3¢
cohort, the frequencies of unsolicited adverse events after the first dose of ARCT-154 (21.9%)
or ChAdOx1-S (21.4%) were also similar (Table 3). Observations of unsolicited adverse events
were less frequent after second doses of either placebo (16.3%) or ARCT-154 (14.3%) in the

pooled Phase 1/2/3a/3b cohort, or ARCT-154 or ChAdOx1-S in the Phase 3c cohort (19.3% in

10



both) (Table 3). No notable differences between study groups in the frequencies of unsolicited
AEs reported in each system organ class in either cohort were observed (Table 3). The most
common categories of unsolicited AEs in both cohorts were infections and infestations (mainly
influenza), vascular disorders (mainly hypertension), and nervous system disorders (mainly

headache). Incidences of severe unsolicited AEs were low (< 0.5%) in each group.

The proportions of participants who reported unsolicited AEs assessed as related to study
vaccination by investigators were low in both cohorts. Similar frequencies of related adverse
events were observed after first (2.7% and 2.4%) and second doses (1.8% and 1.5%) of ARCT-
154 and placebo, respectively, in the pooled Phase 1/2/3a/3b cohort, and after first (6.6% and
5.9%) and second doses (4.7% and 3.8%) of ARCT-154 and ChAdOx1-S, respectively, in the

Phase 3¢ cohort (Table 3).

3.5 Deaths, serious and medically attended adverse events

Between Days 1 and 92 there were 21 deaths in the pooled Phase 1/2/3a/3b cohort, 5 (0.1%) of
8,807 ARCT-154 vaccinees and 16 (0.2%) of 8,249 placebo recipients, respectively (Table 4).
These included 10 deaths related to COVID-19, one ARCT-154 vaccinee and 9 placebo
recipients, an indication of the efficacy of vaccination [5]. From the onset of the switchover
vaccination series at Day 92 to the end of the study there were a further 20 deaths reported: 12
(0.2%) deaths were reported in 7,678 ARCT-154 recipients who received placebo as doses 3
and 4, and in 8 (0.1%) in 7,582 placebo recipients who received ARCT-154 as doses 3 and 4.
Two deaths of participants who received ARCT-154 as Dose 3 after initially receiving placebo
as doses 1 and 2 were assessed as COVID-19-related; one a 65-year-old male with no reported
medical history and one a 68-year-old female with a history of type 2 diabetes mellitus and
hypertension. Four deaths were reported in the Phase 3¢ cohort during the study period, all four

being observed in the ChAdOx1-S group.
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Frequencies of serious adverse events (SAE), medically attended adverse events (MAAE), and
premature withdrawals from the study due to adverse events during Days 1-92 and Days 93—
394 in the pooled Phase 1/2/3a/3b and Phase 3¢ cohorts are summarized in Table 4. In the
described Vietnamese population, the frequencies of SAEs, MAAEs and AEs leading to
premature discontinuation from Day 1 to Day 92 appeared to be lower in the ARCT-154 group
than in the placebo group, and frequencies were similar after switchover vaccination. Reporting
rates of AEs related to study vaccination were low in all study groups (0.1-0.3% of the
respective cohorts). It was also notable that from Day 1 to Day 92 in the Phase 1/2/3a/3b cohort
there were 50 (0.57%) SAEs associated with COVID-19 disease in the 8807 ARCT-154

recipients, a lower frequency than the 139 (1.68%) cases in the 8294 placebo recipients.
3.6 Impact of age, co-morbidities or sex

No clinically meaningful differences in reporting rates of solicited and unsolicited adverse
events, SAEs, MAAE:s, or deaths were observed when considered per age group (> 18 to < 60
or > 60 years of age) (Supplementary table 2) or in those (> 18 to < 60-year-old adults
considered to be at risk of severe COVID-19 due to underlying co-morbidities (Supplementary
table 3). There were differences in rates of some solicited adverse events between males and
females: these were driven primarily by the local injection site reactions—tenderness and
pain—as well as by the systemic AEs of fatigue, headache, myalgia, and chills (Supplementary
table 4). Given that the same pattern by sex was observed for placebo recipients as ARCT-154

vaccinees, the significance of this observation is unclear.
3.7 Clinical laboratory abnormalities

Laboratory testing of blood samples, collected on Days 1, 8, 29, 36 and 57, was performed on
the 100 participants enrolled in the Phase 1 trial (74 in the ARCT-154 group and 26 in the

Placebo group). Testing including hematology (hemoglobin, platelets, leukocytes, differential

12



lymphocytes, neutrophils) and biochemistry (ALP, ALT, AST, bilirubin, creatinine, and GGT)
parameters. There were no noteworthy changes observed over time for any of the variables
assessed (data not shown). Overall, no significant trends for hematology or chemistry

laboratory values were observed.
3.8 Potential safety concerns associated with COVID-19 vaccines

The widespread use of mRNA vaccines has highlighted some safety concerns, most notably the
association of cases of myocarditis/pericarditis, mainly in adolescents and young adults,
following vaccination with conventional mRNA COVID-19 vaccines [10,11]. Additional
potential safety concerns have also included hypersensitivity events including anaphylaxis,
cardiovascular events, thromboembolic events, immune-mediated disorders such as Bell’s palsy

and Guillain Barre Syndrome (GBS), as well as vaccine-associated enhanced disease (VAED).

In the Phase 1/2/3a/3b cohort, most participants received both ARCT-154 and placebo doses
due to switchover vaccination. As such, AEs were associated with the latest dose and time to
onset since the previous vaccination was calculated. Therefore, defining a risk window for
attributing the event to vaccination is essential. Consistent with available guidance, we applied
a window of 28 days after any study vaccination to assess thromboembolic events [12], GBS
[13], and Bell's palsy [14]. We used the same window to assess cardiovascular events and
hypersensitivity cases. Additionally, we applied a 48-hour window for hypersensitivity

reactions, including all cases of rashes, urticaria, and pruritis.
3.8.1 Hypersensitivity reactions

To evaluate the possible association of study vaccination with hypersensitivity reactions, we
analyzed all AEs reported within 28 days after any vaccination and coded as preferred terms
(PT)— hypersensitivity reaction, urticaria, pruritis, or rash. In the Phase 1/2/3a/3b cohort, 31

hypersensitivity events within 28 days of vaccination were reported, 19 following any ARCT-

13



154 dose and 12 after placebo (Supplementary table 4). Overall, 29 cases of rash were reported
within 28 days of vaccination: 20 after ARCT-154 and 9 after placebo. There were comparable
numbers of urticaria cases (15 after ARCT-154 vaccine and 12 after placebo) and pruritis (63

ARCT-154, 64 placebo) in both groups.

When we applied the SMQs—anaphylactic reaction, angioedema, hypersensitivity, and drug
reaction with eosinophilia and systemic symptoms syndrome—to identify all SAEs that may
represent hypersensitivity reactions we found 11 hypersensitivity SAEs reported within 28 days
post-vaccination: 7 cases after ARCT-154 (two cases of hypersensitivity, drug hypersensitivity,
anaphylactic reaction, urticaria, type IV hypersensitivity reaction, and dermatitis contact), and 4
cases after placebo (two cases of urticaria, drug hypersensitivity, and administration-related
reaction). All SAEs after ARCT-154 vaccination, except drug hypersensitivity, and 2 SAEs
after placebo (urticaria and an administration-related reaction) were assessed as related to the

study vaccination. All SAEs were assessed as mild or moderate in severity.

The onset latency of events occurring within 28 days ranged from the day of vaccination to 25
days after vaccination. The duration of hypersensitivity symptoms lasted between 1 and 6 days
and all cases recovered with adequate treatment. Four events were reported within 48 hours

after vaccination and were assessed as being related to the study vaccination (Supplementary

table 5).

One anaphylactic reaction leading to hospitalization was reported as an SAE in a 40-year-old
female with a medical history of allergy to unspecified medication. The participant was
hospitalized with a mild anaphylactic reaction, complaining of fatigue, urticaria, erythema,
pruritus, fever and diarrhea, one day after receiving the first switchover dose (ARCT-154).
Upon admission, the participant tested positive for COVID-19. Treatment medication included

diphenhydramine and hydrocortisone. The participant recovered and was discharged from the

14



hospital. The investigator assessed the event as related to the study vaccine potentially

confounded by a simultaneous COVID-19 infection.
3.8.2 Cardiovascular events

We used the SMQs to identify any cardiovascular events (Supplementary table 6). In total, 34
SAEs associated with cardiac events were identified: 5 cases of myocardial infarction, 1 case of
unstable angina, 7 cases of angina pectoris, 8 cases of myocardial ischemia, 3 cases of cardiac
failure, 1 case of cardiac arrest, 1 case of atrioventricular block complete, 1 case of atrial
fibrillation, 3 cases of arrhythmia, and 2 cases each of supraventricular tachycardia and

bradycardia.

A 28-day risk window was applied to evaluate and assess these identified cases to the study
vaccine or controls. Overall, 12 SAEs were reported within 28 days of vaccination, 6 after
ARCT-154 vaccine and 6 cases reported after comparators (3 cases after placebo and 3 cases
after ChAdOx1-S). These comprised 1 case of myocardial infarction, 3 of angina pectoris, 1 of
unstable angina, 4 cases of myocardial ischemia, and 1 case each of arrhythmia, atrioventricular
block complete and atrial fibrillation. Three events (angina pectoris after ARCT-154, angina
pectoris after ChAdOx-18S, and atrial fibrillation after placebo) were assessed by investigators
as related to vaccination. There was no imbalance in the frequency of reported events observed

between ARCT-154 and comparator groups.
3.8.3 Thromboembolic events

We applied three standardised MedDRA queries (SMQ) for embolic and thrombotic events:
embolic and thrombotic events - arterial, embolic and thrombotic events - venous; and embolic

and thrombotic events - vessel type unspecified and mixed arterial and venous.

A total of 40 thromboembolic events were reported as SAEs and identified: cerebral infarction

(11 cases), cerebrovascular accident (9), transient ischemic attack (7), cerebrovascular disorder

15



(6), myocardial infarction (5), deep vein thrombosis (1), and cerebrovascular insufficiency (1).
Of these, 11 cases with thromboembolic events were reported within 28 days after any
vaccination (two cerebral infarctions, four cerebrovascular accidents, two transient ischemic
attacks, one cerebrovascular disorder, one myocardial infarction, and a case of deep vein
thrombosis) among which 5 events were reported after the study vaccine, and 6 events after
comparators (5 after placebo and 1 after ChAdOx1-S vaccine in Phase 3¢ cohort). Three of
these events were assessed as related to study vaccination by investigators (cerebral infarction
and deep vein thrombosis after ARCT-154 and cerebrovascular disorder after placebo). As

such, no imbalance in the frequency of the events per group was observed.
3.8.4 Potential immune-mediated disorders

We applied a narrow SMQ—immune-mediated/autoimmune disorders—to identify potential
AESIs in the study. A total of 16 immune-mediated disorders were reported, occurring equally
in participants initially randomized to the ARCT-154 group (8 cases), and participants in the
placebo group (8 cases), 5 cases being reported the onset after placebo. Overall AESIs were
rheumatoid arthritis (6 cases), psoriasis (3 cases), type 1 diabetes mellitus (2 cases), ulcerative
colitis (2 cases), and one case each of inflammatory bowel disease, Raynaud's phenomenon,
and ankylosing spondylitis. Time of onset ranged from 5 to 213 days after the last dose of

ARCT-154. No case was assessed as related to vaccination.
3.8.5 GBS, Bell’s palsy, myocarditis, pericarditis and VAED

There were no occurrences of GBS, myocarditis, pericarditis or VAED in the reported study.
Three cases of facial paresis (probable Bell’s palsy) were reported, two reported as SAEs in
placebo recipients before they received ARCT-154 in the switch-over, and one in an ARCT-
154 recipient 282 days after their second dose. None of these three cases was considered to be

related to vaccination and all resolved.
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3.9 Pregnancy

No animal developmental and reproductive toxicology studies have been conducted specifically
with ARCT-154, but animal developmental and reproductive toxicology studies were
conducted with ARCT-021, a similar vaccine containing mRNA encoding spike glycoprotein
of SARS-CoV-2 virus encapsulated in the same LNP. None of the studies conducted with
ARCT-021 indicate any direct or indirect harmful effects with respect to fertility, embryo-fetal
development, parturition, or postnatal development. In this study, there were 50 pregnancies
reported between Day 1 and Day 92: 23 cases after the ARCT-154 vaccine, 22 cases after the
placebo, and 5 cases after the ChAdOx1-S vaccine. Three spontaneous abortions were reported:

1 in the ARCT-154 group and 2 in the placebo group.

After Day 92, a further 26 pregnancies were reported—12 in ARCT-154 vaccinees and 14 in
placebo recipients—including one spontaneous abortion in a participant who received ARCT-
154 after the switchover. In addition, two ectopic pregnancies were reported, one in the placebo
group and the other in the ChAdOx1 group. Four serious adverse events associated with two
pregnancies—preeclampsia and infant death in a participant in ARCT-154 group and a
threatened miscarriage and premature birth in a participant who initially received placebo and
then ARCT-154 after the switchover—were reported in the study. None was considered to be

related to the study vaccine by the attending investigators and physicians.

4. Discussion

A total of 17,582 participants in the pivotal trial were exposed to at least one dose of ARCT-
154, with equal numbers of male and female adults, about 2,800 adults aged 60 years and
above, and over 5,400 participants with underlying medical conditions. The safety analysis set

was representative of the general population but excluded individuals with unstable medical
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conditions and immunodeficiencies. Overall, the frequencies of any unsolicited AEs within 28
days after ARCT-154 and placebo were comparable after the first and second doses. Severe
AEs were rare and comparable in both groups with the exception of more cases of severe
injection pain after ARCT-154, and the frequencies of AEs assessed as related to the study
vaccination were also comparable. The frequency of solicited and unsolicited reactogenicity

was not affected by age, gender or presence of co-morbidities.

Throughout the study, ARCT-154 recipients reported SAEs, MAAEs, and AEs leading to early
termination from the study at a marginally lower frequency than those reported by placebo
recipients, possibly reflecting a lower frequency of AEs categorized under PTs related to
COVID-19 symptoms. SAEs related to the study vaccine were infrequent, reported by 10
(0.1%) ARCT-154 recipients and 5 (0.1%) placebo recipients. SAEs related to COVID-19
disease appeared to be less frequent in ARCT-154 vaccinees (50 [0.57%]) than in placebo

recipients (139 [1.68 %]), a Risk Ratio of 0.339 (95% CI: 0.246-0.467).

The global response to the SARS-CoV-2 virus pandemic triggered rapid development,
evaluation, and implementation of new vaccine technologies, and most notably mRNA
vaccines. Late in the pandemic, a further development of mRNA COVID-19 vaccine—self-
amplifying mRNA vaccine (sa-mRNA)—was tested and the first sa-mRNA (ARCT-
154/Kostaive, Arcturus) was recently licensed in Japan [4]. The concept of self-amplifying
mRNA vaccine was first described in the early 2000s [15,16], but the large size of sa-mRNA,
complex manufacturing and release processes, and lower stability compared with smaller
mRNAs delayed the transition to the clinic. The sa-mRNA technology has several potential
advantages compared with conventional mRNA vaccines; firstly, sa-mRNA induces a higher
and more durable immune response than conventional mRNA vaccine [6-8], probably due to
prolonged antigen expression and different profiles and duration of early innate immune

activation, and secondly, the effective dose of sa-mRNA is 610 times lower than conventional
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mRNA, positively impacting the manufacturing capacity and the footprint of vaccine
production. Thirdly, as the transgene is synthetically derived and the replicon cannot spread, sa-
mRNA manufacturing processes have low biocontainment restrictions and application is safe-
by-design [17]. Finally, the transgene can be inserted into the ‘plug-and-play’ replicon,

allowing rapid application in emerging infectious disease outbreaks [18].

Several sa-mRNA vaccines entered clinical development during the pandemic period, including
COVID-19 vaccines from Imperial College London LNP-nCoVsaRN [19], Gritstone GRT-
R910 [20], HDT Bio/Gennova GEMCOVAC [21], and Pfizer/BioNTech [22], as well as the
Arcturus Therapeutics’ ARCT-154 described in this report [5-8]. Sa-mRNA candidate vaccines
against rabies were developed and tested in humans by GSK (ClinicalTrials.gov identifier:
NCT04062669) and Replicate Biosciences RBI-400 (ClinicalTrials.gov identifier:
NCT06048770). However, most of these studies were small-sized, and only limited safety data
were disclosed, whereas ARCT-154 studies have included more than 20,000 exposed adult
individuals, a significant portion of whom were recruited in the pivotal safety, efficacy, and
immunogenicity trial in Vietnam. The data presented in this report from that trial support the
use of Arcturus’s sa-mRNA vaccine as the primary vaccination series in adults 18 years and

above.

The initiation of a mass vaccination campaign during the SARS-CoV-2 pandemic, using novel
vaccine platforms, was associated with a potential risk of identifying new adverse events that
were too rare to be detected in the pre-licensure evaluation. National and international
regulatory agencies and health authorities [23] recommended specific measures to assess
potential signals and implement enhanced pharmacovigilance activities. The Brighton
Collaboration, in partnership with the Coalition for Epidemic Preparedness Innovation,
developed tools to guide developers through safety evaluations of vaccines developed with new

technologies [24]. The SPEAC (Safety Platform for Emergency vACcines) working groups
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have developed templates that vaccine developers can use to describe the key considerations for
risk-benefit assessment and created an initial list of adverse events of special interest (AESI)
related to vaccination in general, viral vector vaccines, protein vaccines, nucleic acid vaccines,

and manifestations of COVID-19 disease [25-28].

We applied the SPEAC and Brighton Collaboration methodology and standardized MedDRA
queries to consistently monitor the occurrence of AESIs during the study period and identify all
potential AESIs after vaccination. This extensive assessment did not identify any risks
associated with thromboembolic events, a broad spectrum of cardiovascular events, or immune-
mediated disorders. We did not observe any cases of myocarditis or pericarditis in the study,
nor did we find any evidence of GBS or vaccine-associated enhanced disease. The frequency of
hypersensitivity reactions after vaccination was higher than that of the placebo, which is

consistent with other COVID-19 vaccines.

As sa-mRNA is a new platform, several hypothetical safety concerns exist related to the self-
amplifying character of the vaccine, one of which is that sa-mRNA can spread in the
environment. Since sa-mRNA does not encode the alphavirus structural proteins, it is
propagation-defective and cannot spread in the environment. As a result, sa-mRNA is
categorized as a synthetic nucleic acid vaccine, similar to non-amplifying mRNA vaccines [29].
The non-propagative character of sa-mRNA vaccines differentiates this platform from live-
virus vaccines and other forms of vaccine with both viral structural and replicase genes

maintained, such as chimeric viruses or recombinant-vectored viruses.

Other concerns have been raised over adverse events in vulnerable individuals, such as
pregnant women or individuals with immunodeficiencies. Sa-mRNA is not expected to
disseminate to the fetus because the intramuscular injection is associated with local distribution
at the injection site. In addition, the placenta will hinder the passage of the sa-mRNA [30]. In

animal developmental and reproductive toxicology studies conducted with ARCT-021, a
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similar vaccine containing mRNA against COVID-19 encapsulated in the same LNP, there was
no indication of any direct or indirect harmful effects on fertility, embryo-fetal development,
parturition, or postnatal development (data on file). Although the safety data we report
regarding the use of ARCT-154 during pregnancy are limited, that data does not suggest an
increased risk of adverse pregnancy outcomes following ARCT-154 vaccination with negative
pregnancy outcomes occurring at a similar rate as observed in other countries [31]. In
immunocompromised individuals, there is a concern that sa-mRNA may persist longer as
clearance may be less efficient, and it might be associated with a higher rate of adverse events.
No immunocompromised persons were included in the present trial, but another sa-mRNA
vaccine [32] was tested in patients living with HIV (PLWH) in South Africa. A slight increase
in reactogenicity profile was observed in PLWH compared with HIV-negative participants, but

no vaccine-related SAEs or other safety concerns in PLWH were raised from that study.

Finally, the self-amplifying nature of the vaccine raises mechanism-based concerns regarding
interactions with certain drugs (e.g., nucleoside analogs or interferons). Assuming that antiviral
drugs with a potential impact on VEEV replication might reduce the efficiency of replicase
activity, this may also potentially reduce the effectiveness of the vaccine. However, the
immunogenicity and efficacy of sa-mRNA following co-administration with these drugs have

not been evaluated.

There are several limitations to this analysis, not least the limited power to detect rare safety
issues (myocarditis and pericarditis) associated with mRNA vaccines, which can only be
detected when large populations have been surveyed after licensure and widespread use of the
vaccine. Further, the study was performed in only one country, and self-reporting of events may
differ from that observed in other settings. In addition, Vietnam has a high prevalence of
undiagnosed non-communicable diseases including cardiovascular diseases, cancer, diabetes,

hypertension, and COPD, which is likely to have impacted the types of events reported in this
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study [33]. However, the use of the ARCT-154 as a booster dose in Japanese adults did not
reveal any notable variations in the safety profile [7,8]. Vaccination was only performed in
adults, so we do not have any indication of safety in a pediatric population, and the number of
elderly persons is relatively low, but there was no indication of any age-related increase in
reactogenicity. Eventually, the Phase 1/2/3a/3b cohort of the trial utilized a switchover design;
as such, the majority of participants received two doses of ARCT-154 and two doses of placebo
during the study period. In such a design, adverse events were attributed to the last
administered dose, and biologically plausible risk windows were applied [12—14]. However,
this approach might be challenging when assessing immune-mediated disorders with a delayed
onset. The occurrence of potential immune-related diseases was monitored to one year in the
pooled cohort which did not reveal any cases considered to be related to vaccination. The
authors are assessing the possibility of collecting additional long-term safety data to rule out

any AEs with a delayed onset.
5. Conclusions

This study, representing the largest safety dataset for a self-amplifying RNA vaccine, supports
the favorable safety profile of the ARCT-154 vaccine in immunocompetent adults, irrespective
of age or underlying comorbidity. In combination with proven clinical efficacy [5] and
observed superior immunogenicity (measured by the magnitude, persistence, and breadth of the
neutralizing immune response) compared with conventional mRNA vaccines [7,8], these
results support the development and use of sa-mRNA COVID-19 vaccines formulated against
emerging strains and provides a strong basis for further use of this platform for other

indications.
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Legends to figures

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Basic flow charts of the pooled Phase 1/2/3a/3b and Phase 3¢ cohorts.

Proportions of participants in ARCT-154, placebo, and ChAdOx1-S groups
reporting solicited local reactions within 7 days of vaccination after doses 1 and 2

in the pooled Phase 1/2/3a/3b and Phase 3¢ cohorts by severity.

Proportions of participants in ARCT-154 and placebo groups reporting solicited
local reactions(A) and solicited systemic adverse events (B) within 7 days of

vaccination after doses 1 and 2 in the pooled Phase 1/2/3a/3b cohort by day.

Proportions of participants in ARCT-154, placebo, and ChAdOx1-S groups
reporting solicited systemic adverse events within 7 days of vaccination with

doses 1 and 2 in pooled Phase 1/2/3a/3b and Phase 3c cohorts, by severity.
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Percentage of each group reporting solicited local reactions by severity
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Table 1. Demographics of participants of the Full Analysis (Safety) set in the two cohorts.

Pooled Phase 1/2/3a/3b cohort

. . Phase 3c
Primary vaccination
ARCT-154 Placebo ARCT-154 ChAdOxS-1
N = 8807 8249 1186 1180
Mean 46.3 46.6 50.5 50.5
+SD +13.2 +13.2 +134 +13.2
(Range) (18, 89) (18, 86) (18, 85) (18, 81)
A
ge (vrs) 7324 6867 859 855
n (%) =218-<60
(83.2) (82.8) (72.4) (72.5)
> 60 1483 1427 327 325
- (16.8) (17.2) (27.6) (27.5)
Male 4366 4088 583 573
Gender, (49.6) (49.3) (49.2) (48.3)
n (%) 4441 4206 603 613
Female
(50.4) (50.7) (50.8) (51.9)
>18 -<60 4497 4205 442 435
healthy (51.1) (50.7) (37.3) (36.9)
Risk group, >18 - <60 at 2827 2662 417 420
n (%) risk ° (32.1) (32.1) (35.2) (35.6)
> 60 1483 1427 327 325
B (16.8) (17.2) (27.6) (27.5)
Pre-existing An b 4216 3918 790 758
comorbidities y (47.9) (42.7) (66.6) (64.2)

a: Those considered at risk of severe consequences of COVID-19 disease due to underlying medical
conditions (U.S. CDC, 2021 [33]).

b: The most frequently reported pre-existing conditions among all groups were hypertension and

gastritis
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Table 2. Overall rates of solicited local reactions and systemic adverse events reported within 7 days

after vaccination in the Phase 1/2/3a/3b and Phase 3c cohorts.

Pooled Phase 1/2/3a/3b Phase 3c
ARCT-154 Placebo ARCT-154 ChAdOxS-1
N 8688 8151 1182 1176
An 4060 909 467 416
Dose 1 y (46.7) (11.2) (39.5) (35.4)
Severe* 67 1 1 1
Any local (0.8) (0.0) (0.1) (0.1)
reaction,
n (%) N 8459 7915 1150 1149
An 2852 612 286 183
Dose 2 y (33.7) (7.7) (24.9) (15.9)
28 1
S P 0 0
evere (0.3) (0.0)
N 8688 8151 1182 1176
An 4375 2620 638 657
Dose 1 y (50.4) (32.1) (54.0) (55.9)
. Severe* 135 37 20 40
Any systemic (1.6) (0.5) (1.7) (3.4)
adverse event,
n (%) N 8459 7915 1150 1149
An 3718 1889 477 331
Dose 2 y (44.0) (23.9) (41.5) (28.8)
Severe* 148 24 17 4
(1.7) (0.3) (1.5) (0.3)

* Severe = Grade 3 in severity
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Table 3. Summary of unsolicited adverse events reported within 28 days after vaccine doses 1 and 2 in the Phase 1/2/3a/3b and Phase 3c cohorts.

Pooled Phase 1/2/3a/3b Phase 3c
Dose 1 Dose 2 Dose 1 Dose 2
ARCT-154 Placebo ARCT-154 Placebo ARCT-154 ChAdOxS-1 ARCT-154 ChAdOxS-1
N = 8807 8294 8599 8067 1186 1180 1171 1167
1323 1198 1232 1311 260 252 226 225
Al licited AE 9
ny unsolicited AE, n (%) (15.0) (14.4) (14.3) (16.3) (21.9) (21.4) (19.3) (19.3)
15 18 14 16 2 3 1 5
S licited AE 9
evere unsolicited AE, n (%) (0.2) (0.2) (0.2) (0.2) (0.2) (0.3) (0.1) (0.4)
239 203 152 117 78 70 55 44
Relat licited AE, n (%
elated unsoficited AE, n (%) (2.7) (2.4) (1.8) (1.5) (6.6) (5.9) (4.7) (3.8)
Main individual disorder classes, n (%)
Cardiac disorders I 57 58 50 8 M ! 8
(0.8) (0.7) (0.7) (0.6) (0.7) (0.9) (0.6) (0.7)
Gastrointestinal disorders 148 145 13 18 22 21 21 22
(1.7) (1.7) (1.3) (1.3) (1.9) (1.8) (1.8) (1.9)
General disorders and 119 74 103 78 18 21 19 16
administration site (1.4) (0.9) (1.2) (1.0) (1.5) (1.8) (1.6) (1.4)
Infections & infestations 259 232 330 423 88 67 64 4
(2.9) (2.8) (3.8) (5.2) (7.4) (5.7) (5.5) (6.3)
Injury, poisoning & 29 32 39 39 7 6 9 4
procedural complications (0.3) (0.4) (0.5) (0.5) (0.6) (0.5) (0.8) (0.3)
Musculoskeletal and 145 140 145 161 41 26 36 38
connective tissue disorders (1.6) (1.7) (1.7) (2.0) (3.5) (2.2) (3.1) (3.3)
Nervous system disorders 197 179 180 176 37 49 33 47
y (2.2) (2.2) (2.1 (2.2) (3.1) (4.2) (2.8) (4.0)
Respiratory, thoracic and 167 161 151 178 15 15 18 21
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mediastinal disorders (1.9) (1.9) (1.8) (2.2) (1.3) (1.3) (1.5) (1.8)
Skin and subcutaneous 61 51 60 44 6 5 8 6
tissue disorders (0.7) (0.6) (0.7) (0.5) (0.5) (0.4) (0.72) (0.5)
Vascular disorders 247 227 135 123 49 47 38 21
(2.8) 2.7) (1.6) (1.5) (4.1) (4.0) (3.2) (1.8)
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Table 4. Summary of serious (SAE) and medically attended (MAAE) adverse events, and adverse events leading to discontinuation or death.

Days 1-92 Days 93-394
Pooled Phase 1/2/3a/3b Phase 3c Pooled Phase 1/2/3a/3b Phase 3c
ARCT-154 Placebo ARCT-154 |ChAdOxS-1| Placebo* | ARCT-154* | ARCT-154 | ChAdOxS-1
N = 8807 8294 1186 1180 7678 7582 1171 1168
AE with death as outcome, A 5 16 0 1 12 8 0 3
n (%) ny (0.1) (0.2) (0.1) (0.2) (0.1) (0.3)
Covid-related AE with death | 1 9 0 0 0 2 0 0
as outcome, n (%) y (0.0) (0.1) (0.0)
An 133 217 22 35 171 176 64 53
y (1.5) (2.6) (1.9) (3.0) (2.3) (2.3) (5.5) (4.5)
Any SAE, n (%)
Related 10 7 3 4 0 1 0 0
(0.1) (0.1) (0.3) (0.3) (0.0)
Any 133 217 22 35 167 175 64 53
Medically attended adverse (1.5) (2.6) (1.9) (3.0) 2.2) (2.3) (5.5) (4.5)
0,
event, n (%) Relatod 10 7 3 4 0 1 0 0
(0.1) (0.1) (0.3) (0.3) (0.0)
AE leading to premature An 8 18 2 1 1 3 0 0
discontinuation, n (%) d (0.1) (0.2) (0.2) (0.1) (0.0) (0.0)

* Vaccine administered on Days 92 and 120
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Table 5: Overview of adverse events with onset within 28 days after doses 3 and 4 of switchover

vaccination.
Dose 3 Dose 4
Initial vaccination ARCT-154 Placebo ARCT-154 Placebo
(doses 1 and 2)
n (%) n (%) n (%) n (%) n (%) n (%)
Dose 3and4 | ARCT- ARCT- ARCT-
vaccinations 154 Placebo 154 Placebo Placebo 154
Number of Participants 483 7678 7582 467 7171 7018
vaccinated
Participants with 1318 1142
at least one AE 36 (7.5) 697 (9.1) 725 (9.6) 59 (12.6) (18.4) (16.3)
Participants with
at least one 17 (3.5) 144 (1.9) 140 (1.8) 12 (2.6) 112 (1.6) 82 (1.2)
related AE
Participants with AE by
severity
Mild 17 (3.5) 373 (4.9) 377 (5.0) 18 (3.9) 864 (12.0) 731 (10.4)
Moderate 19 (3.9) 316 (4.1) 336 (4.4) 41 (8.8) 443 (6.2) 407 (5.8)
Severe 0 (0) 8 (0.1) 12 (0.2) 0 (0) 11 (0.2) 4 (0.1)
Participants with at least
o 'N;RAE w 9(1.9) 281(3.7) 290(3.8) | 42(9.0) 735(10.2) 659 (9.4)
Participants with
at least one 1(0.2) 13 (0.2) 13 (0.2) 1(0.2) 7 (0.1) 1(0)
related MAAE
Participants with at least
one Serious AE 0 (0) 17 (0.2) 24 (0.3) 1(0.2) 22 (0.3) 22 (0.3)
Participants with
at least one
related Serious 0(0) 0(0) 1(0) 0(0) 0(0) 0(0)
AE
Participants with at least
one AE Leading to
Premature 0 (0) 1(0) 3 (0) 0(0) 0(0) 0 (0)
Discontinuation of
Vaccine
Participants with at least
one AE Leading to 0 (0) 1(0) 3 (0) 0 (0) 3 (0) 0 (0)
Withdrawal from Study
Participants with at least
one AE with death as an 0 (0) 1(0) 3 (0) 0 (0) 3(0) 0 (0)
outcome
Participants with at least
one AE with COVID- 0(0) 0(0) 2 (0) 0(0) 0(0) 0(0)

related death as an
outcome
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Exclusion criteria

Individuals meeting any of the following criteria were excluded from the study:

Medical Conditions

1.

Significant infection or other acute illness, including body temperature >100.4°F
(>38.0°C) on the day prior to or Day 1. Participants meeting this criterion could be
rescheduled within the relevant window periods (Section 5.2.1). Afebrile participants
with minor illnesses could be enrolled at the discretion of the investigator.

Pregnant or breastfeeding.

Known history of COVID-19 (nucleocapsid positive test is not exclusionary) or positive
nasal swab SARS-CoV-2 by RT-PCR test. Note: if obtained within 5 days prior to
Screening period, there was no need to repeat RT-PCR at Screening.

Close contact with a person known to be SARS-CoV-2 positive or with a clinical
diagnosis of COVID-19 within 7 days prior to enrolment. Participants meeting this
criterion who remained asymptomatic for 7 days could be rescheduled for enrolment
within the relevant window periods (Section 5.2.1).

Known history of anaphylaxis, urticaria, or other significant adverse reaction to the
vaccine or its excipients as listed in the Investigator’s Brochure.

Known history of anaphylaxis to other vaccines.

Bleeding disorder considered a contraindication to intramuscular (IM) injection or
phlebotomy.

Immunosuppressive or immunodeficient state, asplenia, recurrent severe infections, or
known to be HIV positive.

An underlying clinically significant acute or chronic medical condition or physical
examination findings for which, in the opinion of the investigator, participation would not
be in the best interest of the participant (e.g., compromise the well-being) or that could
prevent, limit, or confound the protocol-specified assessments.

Prior/Concomitant Therapy

10.

11.

12.

13.

Had previously received investigational or approved MERS-CoV, SARS-CoV, SARS-
CoV-2 vaccines or who had plans to receive off-study COVID-19 vaccines.

Had received a live replicating vaccine within 28 days prior to each study vaccination or
a licensed inactivated or non-replicating vaccine within 14 days prior to first study
vaccination.

Had received treatment with immunosuppressive therapy, including cytotoxic agents or
systemic corticosteroids, e.g., for cancer or an autoimmune disease, within 6 months
prior to Screening, or planned receipt throughout the study. If systemic corticosteroids
had been administered short term (<14 days) for treatment of an acute illness,
participants should not be enrolled into the study until corticosteroid therapy had been
discontinued for at least 28 days prior to first study vaccine administration.
Inhaled/nebulised, intra-articular, intrabursal, or topical (skin or eyes) corticosteroids are
permitted.

Had received systemic immunoglobulins or blood products within 3 months prior to first
study vaccine administration or planned to receive such products during the study.



Other Exclusions

14. Demonstrated inability to comply with the study procedures.

15. Investigator site staff members, employees of the Sponsor or the CRO directly involved
in the conduct of the study, or site staff members otherwise supervised by the
investigator, or immediate family members of any of the previously mentioned
individuals.

Additional Exclusion Criteria for Phase 1 Participants Only

16. Individuals = 60 years of age.

17. Individuals with clinically significant abnormalities in medical history or physical
examination, including but not limited to, the following:

a)

e)

f)

Respiratory disease (e.g., chronic obstructive pulmonary disease [COPD],
asthma) requiring daily medications or oxygen currently or any treatment of
respiratory disease exacerbations (e.g., COPD or asthma exacerbation)
warranting hospitalization or an emergency room visit or supplemental oxygen in
the last 5 years.

Significant cardiovascular disease (e.g., congestive heart failure, cardiomyopathy,
ischemic heart disease) or history of myocarditis or pericarditis as an adult.

Neurological or neurodevelopmental conditions (e.g., migraines, epilepsy, stroke,
seizures in the last 3 years, encephalopathy, focal neurologic deficits, Guillain-
Barré syndrome, encephalomyelitis or transverse myelitis).

Significant hematologic abnormalities (e.g., sickle cell disease, beta thalassemia,
coagulation disorders).

Major surgery within the past 6 months.

Individuals with a history of chronic liver disease.

18. Individuals with the following abnormal Screening laboratory results:

a)

Positive nasal swab SARS-CoV-2 by RT-PCR test. Note: if obtained within 5 days
prior to Screening period, do not need to repeat RT-PCR at Screening.

Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), total bilirubin, or alkaline phosphatase >1.5 upper
limit of normal.

Haemoglobin <9.5 g/dL for females and <10.5 g/dL for males.
Platelet count <100 % 109/L.

Other clinically significant abnormal (according to the judgment of the Investigator)
Screening laboratory values.

Individuals with Type 2 diabetes and Screening haemoglobin A1c >8.0%.

Hepatitis B core antigen (HbsAg), Hepatitis C virus (HCV) antibody or HIV
positive.



Supplementary table 1.
Solicited local reactions and systemic adverse events with severity scale

Mild
(Grade 1)

Moderate
(Grade 2)

Severe
(Grade 3)

Local Reactions

Present but does not

Interferes with daily
activity or leads to use

Prevents daily activity

Pain interfere with daily . . or leads to use of

activit of non-narcotic pain narcotic pain reliever

y reliever > 24 hours P

Mild discomfort to Discomfort with Significant discomfort at
Tenderness

touch movement rest
Erythema / Redness | 2.5-5.0 cm 5.1-10cm >10cm
Induration / Swelling | 2.5-5.0 cm 5.1-10cm >10cm

Systemic adverse events

Fever (°C) 38.0°-38.4° 38.5°-38.9° 39.0°—40.0°

Nausea / vomiting

1 — 2 episodes/24
hours

> 2 episodes/24 hours
without seeking
medical attention

Requires outpatient IV
hydration

< 2 loose stools / 24

2 — 3 loose stools / 24

6 or more watery stools

Diarrhea hours hours / 24 hours or requires
outpatient IV hydration

Present but without Inte_rferes with daily Prevents daily activity
. ) .| activity or leads to use

Headache interference with daily . . or leads to use of
activit of non- narcotic pain narcotic pain reliever

y reliever > 24 hours P

Present but without Interferes with dail

Fatigue interference with daily s y Prevents daily activity

- activity

activity
Present but without Interferes with dail

Myalgia interference with daily y Prevents daily activity

activity

activity

Arthralgia, chills, and
dizziness

Present but without
interference with daily
activity

Interferes with daily
activity

Prevents daily activity




Supplementary table 2. Summary of adverse events reported within 28 days after vaccine doses 1 and 2 in the two age groups in the pooled Phase

1/2/3a/3b cohort, and SAE, MAAE and deaths during the Day1-92 period after the first dose.

Dose 1 Dose 2
ARCT-154 Placebo ARCT-154 Placebo
Age group | 218-<60y 260y 218-<60y 260y 218-<60y 260y 218-<60y 260y
N = 7227 1461 6755 1396 7024 1435 6554 1361
Anv solicited AE 2 4727 676 2482 423 3799 614 1785 325
y (65.4) (46.3) (36.7) (36.3) (54.1) (42.8) (27.2) (23.9)
" 3605 455 795 114 2513 339 535 77
Solicited Local AE (49.9) (31.1) (11.8) (8.2) (35.8) (23.6) (8.2) (5.7)
" . 3867 508 2232 388 3220 498 1599 290
Solicited Systemic AE (53.5) (34.8) (33.0) (27.8) (45.8) (34.7) (24.4) (21.3)
Anv unsolicited AE 2 1094 229 993 205 1022 210 1096 215
y (14.9) (15.4) (14.5) (14.4) (14.3) (14.5) (16.4) (15.6)
" 189 69 163 70 70 49 62 33
Related unsolicited (2.6) (2.4) (2.4) (2.6) (1.6) (1.8) (1.5) (1.3)
From Day 1 to Day 92
100 33 148 69
SAE (1.4) (2.2) (2.2) (4.8)
7 3 3 4
Related SAE (0.1) (0.2) (0.0) (0.3)
963 169 1085 199
MAAE (13.1) (11.4) (15.8) (13.9)
85 16 57 16 SAE, MAAE and AEs leading to withdrawal, death or
Related MAAE 12 11 08 11 COVID-related deaths are shown for the whole Day 1
(1.2) (1.1) (0.8) (1.1) to Day 92 period (not by dose).
AE leading to withdrawal 3 3 10 0
g (0.0) (0.2) (0.1)
. 3 2 8 8
AE with Death as outcome (0.0) (0.1) (0.1) (0.6)
AE with COVID-related 0 1 4 5
death as outcome (0.1) (0.1) (0.4)

a: Solicited AEs within 1-7 days of vaccination, unsolicited AEs within 28 days of vaccination



Supplementary table 3. Summary of adverse events reported within 28 days after vaccine doses 1 and 2 in 18 to 59 year-old adults according to underlying
health conditions — healthy and those at risk of severe COVID-19 - in the pooled Phase 1/2/3a/3b cohort.

Dose 1 Dose 2
ARCT-154 Placebo ARCT-154 Placebo
Risk group Healthy At risk Healthy At risk Healthy At risk Healthy At risk
N = 4497 2827 4205 2662 7024 1435 6554 1361
674 420 610 383 648 374 682 414
A licited AE ?
ny solicrte (15.0) (14.9) (14.5) (14.4) (14.8) (3.5) (16.6) (16.0)
120 69 92 70 70 49 62 33
Related AE
elate 2.7) (2.4) 2.2) (2.6) (1.6) (1.8) (1.5) (1.3)
8 4 5 7 5 7 3 5
S AE
evere (0.2) 0.1) 0.1) (0.3) 0.1) (0.3) 0.1) (0.2)
From Day 1 to Day 92
56 44 85 63
SAE
(1.2) (1.6) (2.0) (2.4)
5 2 1 2
Related SAE
elate 0.1) 0.1) (0.0) 0.1)
615 348 675 410
MAAE
(13.7) (12.3) (16.1) (15.4)
63 22 32 25 SAE, MAAE and AEs leading to withdrawal, death
Related MAAE or COVID-related deaths are shown for the whole
(1.4) (0.8) (0.8) (0.9) Day 1 to Day 92 period (not by dose).
AE leading to withdrawal 2 0 4 0
9 (0.0) 0.1)
2 1 3 5
AE with Death t
with Death as outcome (0.0) (0.0) (0.1) 02)
AE with COVID-related 0 0 2 2
death as outcome (0.1) (0.1)

a: Solicited AEs within 1-7 days of vaccination, unsolicited AEs within 28 days of vaccination



Supplementary table 4. Summary of solicited adverse events reported within 7 days after vaccine doses 1 and 2 in 18 to 59 year-old adults
according to reported sex in the pooled Phase 1/2/3a/3b cohort.

Dose 1 Dose 2
ARCT-154 Placebo ARCT-154 Placebo
Category
Event Male Female Male Female Male Female Male Female
(N=4298) | (N=4390) | (N=4012) | (N=4139) | (N=4160) | (N=4299) | (N=3889) | (N =4026)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Number of participants

with any solicited local 2551 (59.4) | 2852 (65.0) | 1255(31.3)| 1650 (39.9) | 2065 (49.6) | 2348(54.6)| 841(21.6)| 1269 (31.5)

reaction or systemic AE

yvn';‘g‘i;gzlp;g:figﬁ"ts 1974 (45.9) | 2086 (47.5) 388 (9.7) 521 (12.6) | 1372(33.0) | 1480 (34.4) 243 (6.2) 369 (9.2)
Tenderness 1742 (40.5) | 1811 (41.3) 288 (7.2) | 413(10.0) | 1206 (29.0) | 1253 (29.1) 169 (4.3) 286 (7.1)
Pain 1695 (39.4) | 1821 (41.5) 277 (6.9) 400 (9.7) | 1111 (26.7)| 1111 (25.8) 161 (4.1) 273 (6.8)
Erythema 39 (0.9) 47 (1.1) 6 (0.1) 12 (0.3) 18 (0.40) 20 (0.5) 0(0) 8 (0.2)
Induration/swelling 117 (2.7) 132 (3.0) 15 (0.4) 15 (0.4) 40 (1.0) 52 (1.2) 4(0.1) 5(0.1)

unrgﬁ;‘;ng;;ﬁ'cngs 1978 (46.0) | 2397 (54.6) | 1111 (27.7) | 1509 (36.5) | 1713 (41.2) | 2005 (46.6) | 745(19.2) | 1144 (28.4)
Dizziness 455 (10.6) | 759 (17.3) 254 (6.3) | 504 (12.2) 377 (9.1) | 599 (13.9) 142 (3.7) 325 (8.1)
Fatigue 1228 (28.6) | 1520 (34.6) | 574 (14.3)| 807 (19.5) | 1078 (25.9) | 1238 (28.8) 348 (8.9) | 612(15.2)
Headache 834 (19.4) | 1363 (31.0) | 483(12.0)| 810(19.6) | 745(17.9) | 1175 (27.3) 294 (7.6) | 587 (14.6)
Myalgia 932 (21.7) | 1005 (22.9) 304 (7.6) | 431(10.4)| 677(16.3)| 762(17.7) 256 (6.6) 322 (8.0)
Nausea 62 (1.4) 222 (5.1) 43 (1.1) 133 (3.2) 55 (1.3) 176 (4.1) 23 (0.6) 90 (2.2)
Arthralgia 705 (16.4) | 947 (21.6) 376 (9.4) | 569(13.7)| 589(14.2) | 785 (18.3) 262 (6.7) | 438 (10.9)
Chills 813 (18.9) | 869 (19.8) 262 (6.5) 322(7.8) | 768(18.5)| 805 (18.7) 150 (3.9) 256 (6.4)
Vomiting 26 (0.6) 77 (1.8) 16 (0.4) 40 (1.0) 21 (0.5) 64 (1.5) 9(0.2) 26 (0.6)
Diarrhea 169 (3.9) 197 (4.5) 140 (3.5) 118 (2.9) 97 (2.3) 100 (2.3) 66 (1.7) 77 (1.9)
Fever (= 38°C) 206 (4.8) 278 (6.3) 49 (1.2) 56 (1.4) 287 (6.9) 298 (6.9) 34 (0.9) 63 (1.6)




Supplementary table 5: Unsolicited adverse events of interest (AESI) within 28 days after study vaccination (doses 1 to 4; Pooled
Phase 1/2/3a/3b cohort)

Cases (%)

Preferred Dose 1 Dose 2 Dose 3 Dose 4
Term

ARCT-154 Placebo ARCT-154 Placebo ARCT-154 Placebo ARCT-154 Placebo

N = 8807 N = 8294 N = 8599 N = 8067 N = 7582 N =7678 N =7018 N=7171

Hypersensitivity | 11 (0.1) 8(0.1) 7 (0.1) 1(0.0) 0(0.0) 2(0.0) 1(0.0) 1(0.0)
Rash 12 (0.1) 6 (0.0) 8(0.1) 1(0.0) 0(0.0) 0 (0.0) 0(0.0) 2(0.0)
Urticaria 8(0.1) 8(0.1) 6(0.1) 3(0.0) 1(0.0) 0 (0.0) 0(0.0) 1(0.0)
Pruritis 27 (0.3) 21 (0.3) 27 (0.3) 30 (0.4) 6(0.1) 9(0.1) 3(0.0) 4(0.1)




Supplementary table 6. Hypersensitivity reactions assessed as related to ARCT-154 reported within 48 hours after vaccination

Preferred term of
SAE

Timing
Age (years)

Gender

Clinical
presentation

Hospitalized
(duration, days)

Severity

Treatment

Outcome

Participant 1 Participant 2 Participant 3

Participant 4

Anaphylactic reaction Hypersensitivity Dermatitis contact

1 day post-dose 3
40 43 44

On day of dose 2 1 day after dose 2

Female Male Female

Fever, fatigue, urticaria,
erythema, pruritus,

Generalized ltchy rash,

Fatigue, stomachache,
pressure spots, redness,

anorexia, abdominal pain

papules, and diarrhea papules
Yes (7 days) Yes (2 days) Yes 6 days
Mild Moderate Moderate
Diphenhydramine, Unspecified infusion, Dlphfenhydramme,o
‘ o loratadine, glucose 5%
hydrocortisone, and antibiotic, and .
solution, and

magnesium/B6 corticosteroids

methylprednisolone

Resolved Resolved Resolved

Urticaria

1 day after dose 1
28

Female

Fever, fatigue, urticaria

Yes (3 days)

Mild

Chlorphenamine,
diphenhydramine,
fexofenadine,
paracetamol, vitamin and
mineral supplement,
NaCl, KCI

Resolved

10



Supplementary table 7: Overview of standardised MedDRA queries (SMQs) used to identify
angina pectoris, myocardial ischemia, acute myocardial infarction, unstable angina, cardiac failure,

and third-degree atrioventricular block and circulatory insufficiency

Event SMQ

Angina pectoris Other ischaemic heart disease SMQ
Myocardial ischaemia Other ischaemic heart disease SMQ
Acute myocardial infarction Myocardial infarction SMQ

Embolic and thromboembolic events, arterial SMQ

Unstable angina Myocardial infarction SMQ
Other ischaemic heart disease SMQ

Cardiac failure Cardiac failure SMQ

Third-degree atrioventricular block | Conduction defects SMQ
Hypokalaemia SMQ
Non-infectious myocarditis/pericarditis SMQ

Circulatory insufficiency Shock-associated circulatory or cardiac conditions (excl
torsade de pointes) (SMQ)*

SMQ, standardised MedDRA query
MedDRA, Medical Dictionary of Regulatory Activities.
* bradycardia was also included as Preferred Term (PT)
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